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Developing pre-treatment technologies for 
biomass processing: current scenario and 
future perspectives in biofuel production 
Reinu Elsa Abraham, Colin J. Barrow and Munish Puri 
1. INTRODUCTION 
The global perspective to commercialize biofuel industry is stimulating due to the growing 
dependence on fossil fuel and vulnerable situation developing as a result of global warming. 
The growth phase of automobile sector is showing its impact on rising greenhouse gases 
and putting world under pressure with a question of future sustainability in terms of energy 
and environment (Demirbas 2009, Naik et al 2010). In recent years, biofuel (a fuel produced 
from agriculture /forest residues or organic matter by employing microbial fermentation) 
has attained awareness and consideration due to the influence of these two major growing 
problems. The most common biofuels are biodiesel and bioalcohols, including ethanol 
and butanol. This approach seems to be more promising because its production depends 
on low cost biomass thus can be reproduced. Being a renewable, economical and enormous 
resource it reduces the interdependence among nations for fuel production. Large number 
of biofuel production pathways, environmental benefits and reliability on diverse range of 
feeds tock makes it more convenient and demanding (Lovett et al 2011). 
This increasing concern gave rise to first generation biofuel from food crops (like sugarcane, 
com, cereals) however, its complete dependence on food crops lead to competition among 
food crops. Thus, making its popularity quite unstable and therefore, led to the development 
of second generation biofuel from biomass (Mueller et al 2011, Ravindranath et al 2011, 
Sukumaran et al 2010, Suurs & Hekkert 2009). Therefore, the present research directs to 
approach and progress with different pathways for bioconversion of biomass to biofuel. 
Energy security, environmental benefits and carbon-neutral renewable sources makes it a 
big platform for huge investment and helps in bringing up the rural sectors as well (Luque 
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et al 2008). It has become an interest for both public and private sectors to invest and 
mint money. 
Many countries like US, Brazil, European nations (e.g. France) are showing interest in 
commercializing and bringing up biofuel industry and some of them already progressed 
well with their great effort to bring advancement and expansion in biofuel production. 
Now they are considered as the top producers of biofuel in the world with mature 
technology and in depth knowledge in this area. Brazil and the US being the top producers 
of biofuel have now mastered the production of starch/ sugar /lignocelluloses-based fuels 
from corn, sugarcane crops and lignocelluloses (Demain 2009). Asian countries like China, 
India, Malaysia and Thailand are in their growing phase to mark their position in world 
biofuel production map (Goldemberg 2008, Havly'k et al Article in Press). 
The increasing fuel prices and lack of future energy security is creating global competition 
to pursue the readily available technology. The all-time climbing economic pressure and 
market-pull is arresting countries across the world to enforce biofuel production and set 
government policies. In order to address the current knowledge gap and expand the biofuel 
production system, countries are setting target to produce biofuel which will seek investor 
attention (Komor & Bazilian 2005). European Union has set their target to produce 10% 
transport energy using renewable energy by 2020 and 60% reduction of greenhouse gases 
using biofuel system (Smyth et al 2010). Across the world, biofuel is marketed in various 
concentrations like 2%, 5%, 20% and 100%, ethanol is commonly available as ElO and E85 
whereas biodiesel as B2, BS, B20 and BlOO (Escobar et al 2009). 
An array of technology is involved in the conversion process of biomass to biofuel and the 
conversion cost depends on the feedstock supply, production strategy, downstream 
processing and purification procedures (Timilsina & Shrestha 2011). The key procedures 
included in the conversion procedure of biomass to biofuel include feedstock selection, 
pre-treatment, enzyme hydrolysis and fermentation which produces ethanol as the final 
product. A high yield of ethanol can be obtained from effective pre-treatment and efficient 
enzyme hydrolysis which can produce good amount of reducing sugar that can be converted 
to ethanol through fermentation (Wyman 1999, Wyman et al 2005). However, the cost 
of biomass is low but its consumption for biofuel production adds va1ue to its cost and 
the conversion technology which includes series of challenges involved in upstream and 
downstream process increases the production cost. Therefore, to marginalise production 
cost, more advanced and promising technology are required which suits all kind of biomass 
for biofuel production (Herr & Dunlop 2011). 
2. BIOFUEL PRODUCTION: TRENDS AND OVERVIEW 
High pressure on petroleum consumption in transportation and industry is alerting the 
national energy security and driving countries to focus on biomass bioenergy (Puri et al 
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2012). Bioenergy from biofuel and its bio products being processed from agricultural 
residues, feedstock and waste wood can be produced by countries which support strong 
agricultural sector. Dependence on agricultural feedstock is creating competition amongst 
countries for its production and raising the expectation to produce bioenergy in an 
economical way with emphasis on quality and quantity (Liaquat et al 2010). This increasing 
competition is pressurizing countries to bring revolutionary development and advancement 
in perusing technology so as to provoke biofuel commercialisation and provide national 
security. 
With the help of formulated policies and tax exemption the production of biofuel is 
aimed to reach up to 10% globally by 2020. Pursuing biofuel as a global venture requires 
sustainable and economical production criteria with a definite resource supply chain 
because it includes both opportunities and threats (Bindraban et al 2009). Some logistical 
and integrated computational studies are conducted to provide an operational frame to 
biofuel production. A schematic research which includes strategies, tactics, integrated 
operation of resource supply chain, storage, processing, refining and distribution are 
under progress to attain high biofuel production target (An et al 2011). To obtain an 
economic strategy various stimulation models have been developed to estimate production 
and transportation cost, energy consumption and carbon emission (Kumar & Sokhansanj 
2007). European countries such as Sweden, Netherland are importing biomass for green-
energy production. European countries have undergone international logistics which 
includes supply chain statistics to understand the economic viability of the process 
(Hamelinck et al 2005). 
3. CONVERSION OF BIOMASS TO BIOFUEL: TECHNOLOGICAL CHALLENGES 
Global energy crisis can be mitigated with the use of biofuel from biomass which is a 
great reserve of carbon source. Enormous amount of biomass is available globally which 
contributes around 14% towards global energy consumption. Although it is used for the 
production of bioenergy but its application differs widely (Parikka 2004). Apart from 
providing energy security, it solves other major problems like waste disposal which is 
another growing concern, thus, reduces the cost of waste treatment and provides 
bioenergy (Szczoarak & Fiedurek 1996). 
Lignocellulose is a complex component which is coiled together into a rigid structure 
with its three major components lignin, hemicelluloses and cellulose along with some 
minor components like pectin, wax, ash and protein (Carrier et al 2011, Hopkins et al 
2?07, Rubin 2008). Pre-treatment of biomass is an essential step in bioconversion of 
bi~mass because it exposes the cellulose surface making it available for enzyme hydrolysis. 
This procedure is required because biomass is a rigid coiled structure joined with covalent 
and non-covalent forces (Popescu et al 2010). The principal involving the bioconversion 
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of biomass is to eliminate oxygen from carbohydrate to obtain hydrocarbon becausej 
with the decrease of energy content the energy from the biomass will increase (Petrus &t 
Noordermeer 2006). 
To make the biomass more accessible for chemical/ thermal treatment and enzyme 
hydrolysis size reduction is required (Abraham et al 2011 ). This step is an initial and essential 
step during pre-treatment procedure (Millett et al 1976). Size reduction of biomass may 
increase the production cost but this measure will support better pre-treatment on biomass 
surface which will help in an improved enzyme digestibility. Otherwise, an ineffective 
pre-treatment will end up with increased loading of enzyme for hydrolysis which will be 
more costly (Cadoche & Lbpez 1989). Another challenge after size reduction is the. 
selection of pre-treatment because the effect of pre-treatment varies with reaction 
conditions, type of biomass and methodology. Generally, a good pre-treatment will 
increase the pore size, removes lignin, opens the structure and provide easy accessibility 
to enzyme for hydrolysis (McMillan 1994). Another factor which makes pre-treatment a 
crucial step is the release of inhibitor like 5-hydroxymethyl-2-furaldehyde (HMF) which 
hinders the product formation during enzyme hydrolysis. Sometimes high temperature 
acid treatment of softwood may result in the formation of such by-products which 
interferes in further hydrolysis (Almeida et al 2009, Larsson et al 1999). Enzyme hydrolysis 
of pretreated biomass involves few critical measures like units of enzyme loading, reaction 
conditions (pH and temperature), biomass concentration, (Kristensen et al 2009). 
Sometimes single enzyme may not be efficient enough to produce high yield of sugar 
hydrolysate from pretreated biomass. Hence, an addition of some enzyme or cocktail of 
various cellulose, hemicelluloses and lignin degrading enzyme may result in a good 
product yield. This step requires a close monitoring because any parameter may minimize 
the quantity of hydrolysate. 
The ultimate step of bioconversion process is the formation of sugar hydrolysate to produce 
bioethanol and the downstream processing which includes collection, purification, storage 
and processing bioproducts from production residues (Puri et al 2012; Data published). 
Generally, fermentation is achieved by using two ethanol producing microbes such as 
Saccharomyces cerevisiae, Zymomonas mobilis or their cocktail. During the fermentation 
process the metabolic pathways may lead to the formation of various by products like 
acetic acid, formic acid, levulinic acid which may impede the product formation. Variation 
in other factors like pH, ions and metals, temperature, sugar concentration, culture size 
can minimize the productivity. 
These are some major challenges encountered during the bioconversion of biomass to 
biofuel, however, by adopting mature technology with deep knowledge and experience 
could help to resolve these problems. Cost analysis and energy consumption of each step 
will decide the feasibility of the conversion. Upstream processing is the key area which 
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affects the production cost and needs more attention to make the process economical 
with good volumetric productivity (Lynd et al 2008). 
3.1 Pre-treatment 
Biomass structure is a complex polymer constituting various components like lignin, 
hemicellulose, cellulose, volatile components and ash (Figure 1). Although it is cheap 
and available in abundance but it is very hard to degrade this structure. This complex 
structure constitutes a cross linkage between lignin and other polysaccharides with ester 
and ether bonds resulting in a strong and robust polymer. The loosening of the bonds 
can be achieved by pre-treatment which not only improves the property of biomass but 
helps in the removal of rigid biomass components like lignin which ultimately helps in 
accelerating the enzyme hydrolysis to obtain pentoses and hexoses sugars (Chen et al 
2012, Himmel et al 2007). The major role of pre-treatment is to maximize the accessibility 
to enzyme by exposing cellulose surface area apart from that it should be low cost, 
effective and provide easy biomass recovery after pre-treatment (Hendriks & Zeeman 
2009). In recent years, various methodology and techniques have been adopted worldwide 
to increase the success ratio of pre-treatment and determine its effectiveness on biomass 
structure. 
Pre-treatment can be broadly classified into four groups: a) physical, b) physicochemical, 
c) chemical and d) biological as shown in Figure 2 (Kumar et al 2009, Weerachanchai et 
al 2012). 
Physical pre-treatment mainly includes milling and grinding. This is done to achieve 
small particle size for an easier enzyme digestibility (see Figure 2). Physicochemical 
treatment includes exposing the biomass to high temperature under steam atmosphere 
or oxidation and chemical treatment covers use of chemicals such as alkali (NaOH), 
concentrated/ dilute acid (HCI or H 2S04), oxidizing agent and organic solvents. Pre-
treatment are usually done with the combination of physical with either physiochemical 
or chemical treatment to obtain a great extent of structure loosening (Figure 3). The 
bioconversion of biomass to biofuel includes an extensive research and in depth knowledge 
to construct a pathway which is economical and can be easily commercialized to large 
scale because this process includes an array of challenges (Zhu & Pan 2010). 
The primary step to bioconversion of biomass includes physical treatment using 
mechanical combination which involves milling, grinding or chipping to attain small 
particle size. Wide range of chip sizes are used for pre-treatment (300- 1400 micron, 2-
12 mm or even more) (Ballesteros et al 2000). Although small size of biomass may consume 
energy but it is generally preferred to attain better enzyme hydrolysis. The success of 
pre-treatment depends on size, duration, temperature and chemical used for pre-
treatment. Other factors which are considered to determine pre-treatment efficiency are 
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Figure 1: Variety of biomass suitable for biofuel production. The soft and hard woods are available in different geographical 
region across the World for biofuel production 
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Figure 2: Different types of pre-treatment suitable for biomass processing for biofuel production. Some of the most suitable 
and tried methods (shown as examples) used for biomass pretreatment are mentioned. 
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Figure 3: Changes occurring in biomass structure due to pretreatment and enzymatic hydrolysis. In the first stage, loosening 
of polymer structure happens followed by availability of pretreated biomass (stage II and 111) to enzymatic treatment. The solid 
line (violet) represents lignin, black line (cellulose) and green dots (hemi-cellulaose) in the schematic diagram. The enzymatic 
saccharification followed by microbial fermentation leads to biofuel production. 
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carbohydrate solubilisation, amount of cellulose converted into monomers during enzyme 
hydrolysis, atomic ratio, crystallinity and should be applicable on all feedstock (Negro et 
al 2003). 
Chemical pre-treatment is the most commonly used treatment for biomass because this 
treatment gives better insight to biomass structure. Acid hydrolysis using either dilute or 
concentrated sulphuric acid or hydrochloric acid and alkaline treatment with sodium 
hydroxide, alkaline peroxide, lime or calcium are the widely used chemicals for biomass 
pre-treatment (Cara et al 2008, Esteghlalian et al 1997, Kim & Holtzapple 2005, Wang et al 
2012, Xu & Cheng 2011). In recent years, use of ionic liquids for biomass pre-treatment is 
gaining interest. Research in past few years with ionic liquids on biomass pre-treatment 
provided a better platform to understand the improvements occurred in biomass due to 
its presence (Tan & Lee 2012). It helps in delignification and more efficient than dilute acid 
treatment but the cost of ionic liquid during industrial scale up is the concerning factor (Li 
et al 2010b ). 
Steam explosion is a physicochemical treatment which increases the pore size of the biomass 
by removing the hemicelluloses and temperature is the most critical factor in this treatment 
to obtain a good hydrolysis (Emmel et al 2003, Grethlein & Converse 1991). This pre-
treatment seems to be more promising in case of hardwood than softwood. The process 
efficiency has been seen decreasing in case of softwood biomass (Asada et al 2012). Use 
of super critical carbon dioxide as an decreasing extraction solvent during biomass pre-
treatment is another common method for biofuel production. This process is known as 
carbon dioxide explosion and varying the carbon dioxide pressure will bring different 
impact on delignification of biomass (Gao et al 2010). Carbon dioxide being inexpensive, 
non- inflammable, clean and easy to recover after use makes this pre-treatment method 
economical and convenient (Kim & Hong 2001, King & Srinivas 2009). Ammonia based 
pre-treatment of biomass is known as ammonia fiber expansion (AFEX) enabling 
delignification and accessibility to cellulose for hydrolysis (Bals et al 2010, Li et al 2010a). It 
breaks the ester linkage by ammonolytic cleavage with the release of acetamides and 
phenolic amides (Chundawat et al 2010). Loading of ammonia and water, temperature 
and residence time are the four major parameters involved during this treatment (Bals et 
al 2011). 
Furthermore, pyrolysis is thermochemical process in nature that is used for biomass 
processing. It involves heating of biomass at a very high temperature in the absence of 
oxygen to form char and gaseous fractions in a temperature ranging between 260- 350° 
(Bradbury et al 1979, Meier & Faix 1999). This process enables to better understand the 
thermal behaviour of biomass under various atmospheres and helps to determine various 
co~ponents present in the biomass (Zhaosheng et al 2008). The reaction occurs via free 
radical mechanism where various intermediates are formed before the formation of the 
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final product. The addition of salt to the reaction will reduce the weight of the reaction 
mixture and the presence of metal will enhance the biomass hydrolysis (Amen-Chen et 
al 2001). Biological pre-treatment are also used to degrade biomass structure but this 
take long duration (Ray et al 2010). Various microorganisms produce cellulose and lignin 
degrading enzyme but it is a slow degradation process so generally not considered as a 
valid approach for pre-treatment. 
3.2 Enzymatic saccharification 
Enzyme hydrolysis of biomass is one of the key steps involved during the bioconversion 
process of biomass to biofuel. Biomass is a complex structure which is made up of lignin, 
cellulose and hemicellulose; and cannot be hydrolysed into simple sugar by either pre-
treatment or enzyme hydrolysis alone. Each step and its sequence have its own importance 
and play a significant role in the conversion process. Use of single enzyme may not be 
sufficient to hydrolyse the biomass complex and produce a high yield of reducing sugar. 
Generally, an enzyme complex or enzyme cocktail is added to achieve a good yield of 
reducing sugar. Enzyme loading and enzyme activity are the two critical factors responsible 
to maximize the concentration of sugar hydrolysate. 
Cellulase enzyme is the key enzyme involved in the enzyme saccharification process. It is 
a complex mixture of endo-1,4 B-glucanase (EG), cellobiohydrolase (CBH), and ~­
glucosidase which works in a synergistic manner to convert complex substrate to a final 
product. Endo-cellulase/Endo-glucanases (EG) is responsible to hydrolyse the non- covalent 
bonds in cellulose structure which results in the formation of linear chain. This linear chain 
is converted into two to four units of cellobiose by the action of exo-cellulase/ 
cellobiohydrolases (CBH) I exo-glucanases (EXG) and finally cellobiase I (3-D-
glucosidases(CB) convert these units into single sugars units (Goyal et al 1991, Sukumaran 
et al 2009). 
An ineffective delignification can result in an increased concentration of enzyme loading 
and may produce some inhibitors which may cause reduced sugar yield on enzyme 
hydrolysis. Some reaction conditions and relevant pre-treatment methods may give rise to 
the formation of by products including organic acids like syringaldehyde, vanillin, some 
furan derivatives which may intrude in an efficient hydrolysis (Kim et al 2011, Ximenes et 
al 2010). Other factors which minimize product formation include nature of enzyme 
complex, solubility of substrate, reaction steps and active sites (Andri~ et al 2010). 
Reaction conditions like temperature, pH and enzyme loading are critical factors which 
may maximize or minimize product formation. The hydrolysate formed after the enzyme 
hydrolysis will be a mixture of various pentoses and hexoses sugars containing xylose, 
glucose, mannose, galactose, arabinose, ribose. A concentrated form of this hydrolysate 
will be considered further for microbial fermentation to produce bioethanol. 
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3.3 Fermentation 
This is the final stage where reducing sugars obtained from the enzyme pretreated biomass 
are fermented to produce ethanol. However, ethanol yield depends on the amount of 
substrate, enzymes, microorganism used, nutrients, temperature, pH, oxygen supply, 
pressure; variation in any of the factor will highly affect the fermentation production of 
ethanol (Eklund & Zacchi 1995). Saccharomomyces cerevisiae, Zymomonas mobilis and 
recombinant E.coli are intensively used microorganism for ethanol production. 5. Cerevisiae 
uses Embden-Meyerhof pathway (glycolysis) to produce two ethanol and two ATP's from 
one glucose, whereas, Z. Mobil is use Entner-Doudoroff pathway to produce same product 
with release of one ATP molecule (Huangab & Zhang 2011). Ethanologenic bacteria 
E.coli are now capable of hydrolysing phosphoric acid hydrolysates and other bacteria 
like Bacillus, Klebsiella and Clostridium sp. uses pentose phosphate pathway for ethanol 
production (Chandel et al 2011, Geddes et al 2011). 
The bioconversion of lignocellulosic biomass using solid substrate fermentation enables 
the production of biofuels, synthetic enzymes, animal feeds, biopesticides, secondary 
metabolites & biofertilizers as the bioproducts (Tengerdy & Szakacs 2003). An optimal 
production of ethanol can be achieved when all the sugars are released and utilized for 
fermentation (Shields & Boopathy 2011). The presence of inhibitor effects differently in 
simultaneous saccharification and fermentation (SSF) and separate hydrolysis and 
fermentation (SHF). Yeast cells experience various stress during ethanol fermentation like 
high temperature, nutrient deficiency, contamination, inhibitors produced from yeast cell 
metabolism. In most cases these conditions work synergistically, affecting the growth of 
yeast and ethanol yield (Bai et al 2008). 
Continuous fermentation offers advantages over the batch process as follows: i) reduced 
cost for conditioning inhibitory compounds by in situ detoxification abilities of yeast, ii) 
higher productivity due to higher cell density, and iii) reduced viscosity of substrate 
(Brethauer &Wyman 2010). The yield of ethanol during fermentation basically depends 
upon the capability of microorganism to convert various sugars (hexoses and pentoses) 
efficiently into ethanol and withstand the inhibitory conditions. 
4. BIOMASS SUITABILITY FOR BIOFUEL PRODUCTION 
Biofuel production requires biomass which is available in massive amounts as perennial 
grasses, feedstock, agricultural residues, waste wood and starch. These resources are 
renewable and abundantly available which provides platform for huge investment in biofuel 
sector. A wide range of biomass is used across the world to produce biofuel using various 
technologies. Biomass is produced as a forest plantation, organic by products from industries 
and ~gricultural wastes as shown in Figure 1 and apart from that a large area of barren 
land 15 available which can be utilized to cultivate biomass suitable for biofuel production. 
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Biofuel has become an area of interest for many countries because apart from providing 
energy security it has wide application, it helps in the reduction of greenhouse gases emitted 
from industry and transportation and the bioproducts can be processed from fuel production 
residues (Puri et al 2012). Biofuel adds value to biomass and agricultural wastes and as it is 
the main resource for the production of biofuel it helps to create a balance in environment. 
The waste agricultural resources which are generally burned in the field that ultimately 
creates pollution can be utilized in biofuel production direction and thus, assist to get rid 
of waste and will provide energy security. Moreover, being processed from biological 
product it doesn't produce environmental harming gases rather helps in making a balance 
in gas ratio. 
The production of bioethanol in many countries and especially in the US is mainly from 
corn grains. US produce around 96% of bioethanol from corn grains (Tyndall et al 2011). 
Corn stover has become a key source for bioethanol production and due to this reason it 
is gaining market value and its excessive production is causing problem related to 
agriculture and soil (Blanco-Canqui & Lal 2007). Countries like India, having strong 
agricultural background can support their biofuel production with the use of rice and 
wheat straw (Ranjan & Moholkar Article in press). Other Asian, European and African 
countries are also finding rice straw as a potential lignocellulose biomass suitable for 
bioethanol production (Binod et al 2010). Wheat is also gaining attention to be 
commercialised for cellulosic ethanol production. Its application has been a great success 
for biofuel production from past few years so many countries are trying to rely on this 
feedstock (Talebnia et al 2010). 
Apart from bioethanol from biomass, biodiesel from biomass can also be produced. 
fatropha is one of the plants which are used extensively for the production of biodiesel. It 
is a pest tolerant, non-edible plant which can grow in barren and eroded land (Jingura 
2011). Other oilseed crops which produce oil that can be used for biodiesel production 
are soybean, palm oil, canola and sunflower. These crops have become an area of interest 
for many countries to produce biodiesel. Engineering the composition of fatty acid 
composition may be considered as an optimized pathway to produce biodiesel (Joyce & 
Stewart Jr Article in press). 
Optimization of various statistical, financial and networking models for biomass suitable 
for biofuel production will help to channelize the system and make the conversion 
technology economical. These analyses will help to determine the biomass supply, yield, 
conversion rate verses growth rate that will ultimately help in final costing of production 
technology and decide the fuel price in market (Tran et al 2011). These parameters facilitate 
to determine the economic viability of the bioprocessing with net input and output. 
Therefore, it will assist in the reduction of competition for agricultural land and establish 
equilibrium in market supply. Supply chain design, solution approach, computational 
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analyses are some of the key parameters which need to be focussed while setting up an 
industry (Bai et al Article in press). 
Wide range of perennial grasses can contribute in the production of biofuel. Grass and 
grasslands are available in almost all the countries on which biofuel industry can reply 
upon. These grasses are currently grown for fencing and to prevent soil erosion but generally 
insignificant care is required for their growth. These grasses as of not much importance 
but if utilized efficiently then it can become a source to mint money. Various grasses like 
Miscanthus, switchgrass are finding large application to be an alternative for the production 
of biofuel (Chou 2009, Woli et al 2011). 
Now research is concentrating upon the use of some other potential native grasses for fuel 
production. For instance, pursh, wheat grass sp., wild rye sp. can also be a part of suitable 
feedstock for bioethanol production (El-Nashaar et al 2009). Climatic conditions of countries 
like Africa, Australia, Asia and European countries can support the growth of Bermuda 
grass which can be a promising potential cellulosic source for ethanol production (Xu et al 
2011). 
Woody biomass especially waste wood from paper and pulp industry, wood processing 
industry can also be a prime source of lignocellulose. Many softwood and hardwood across 
the world are finding wide application in biofuel industry. Various types of hardwood 
and softwood like populus, willow, pine, olive, spurce, birch (Cara et al 2008, Lestander et 
al 2012, Stals et al 2010). Countries like Australia which has large Eucalyptus belts can look 
forward for the production of cellulosic ethanol (King 1996, Van Der Meer & Dignan 2007). 
Globally, biomass is available in huge amount which can be commercialised for biofuel 
industry. The prime factor is the processing technology that should be applied on the 
biomass. The production yield may vary large from biomass to biomass and the conversion 
technology applied on it. The gap in the current research is the confidence and proper 
networking system to manage supply chain and analyse is lacking. The upcoming research 
and experience will help to modulate the production yield by managing supply chain, 
processing scale and production yield. Setting up of a large biofuel industry requires 
optimisation of controlled parameters which will include interdisciplinary areas like 
mathematics, statistics, networking, bioprocessing, fermentation technology, downstream 
processing involving quality control, volumetric yield etc. under one roof. 
5. CONCLUSION 
Biofuel is gaining increased attention these days due to various benefits which it offers 
towards energy security and environmental balancing. Although the conversion of biomass 
~o biofuel is a quite challenging and tedious job but mature technology and advancement 
m current knowledge will lead to the development of an economical and high yield biofuel 
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production. The chase for alternative transportation fuel security will move on till the 
target is nailed in a proper direction. The pressure of depleting fossil fuel, growing 
environmental problems and waste disposal problems can be eased with the progress 
and expansion in the biofuel sector. To embraces its development countries should join 
hands to bring it as a successful alternative of fossil fuel for the future world. 
First generation biofuel couldn't prove itself very successful due to its dependence on 
food crops which will create a competition between human and transportation 
sustainability. In order to overcome this problem second generation biofuel has come up 
with more reliable and promising aspects. But this technology invites huge investment, 
government support, formulation of policies and resource. Production of biofuel from biomass 
joins rural, urban, government, policy makers and investors together under one roof. Therefore, 
this technology not only benefits urban sector or government but also helps in the 
modernization of rural sectors as well, thus helping the development of whole nation. 
Besides providing energy security this advancement facilitates agricultural waste disposal 
through bioconversion of biomass into bioproducts like biofuel, electricity. Apart from 
that the cultivation of biomass will assist in the removal of nitrate-nitrogen from water, 
removal of heavy metal ions, dyes and prevents soil erosion. Cultivation of biomass on 
barren land will provide environmental benefits before and after bioprocessing before by 
oxygen supply benefiters and after as transportation fuel. Several pathways are followed 
globally to promote and produce high yield biofuels like bioethanol, biodiesel, biobutanol 
to obtain a constant and economical way which can be adopted worldwide for better and 
sustainable future. 
With the progress of knowledge in protein engineering and biotechnology to determine 
the significance of various enzymes during hydrolysis process will help to construct 
recombinant and synthetic enzymes which can provide better rate of hydrolysis (Barta et 
al 2010). Progress in genetic engineering, strain improvement will facilitate the 
identification and development of new enzyme that may improve the hydrolysis yield 
(Zhang et al Article in press). 
Dependence on biomass for fuel production may give rise to other problem like increase 
in feedstock price, irrigation and nutrition problem, competition between food and non-
food crops. But these problems can be resolved with a systematic planning, advancement 
and experience (Jun et al 2009). 
Countries like Brazil, US, Germany are the pioneers of biofuel production from agricultural 
biomass and food crops. Their development will certainly help other countries to grow in 
the biofuel sector and help to meet consumers, investors and policy maker's confidence. 
The gap between the stake holder and biofuel product is due to the lack of common support 
to adopt a proper direction for biomass to biofuel conversion. To make this technology a 
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great success a proper channel and system needs to be developed involving distribution 
networks, system analysts, bankers, investors and promoters. 
However, globally, the use of 10% biofuel is accepted and adopted by many countries to 
promote biofuel and in coming years with advancement and expansion its dependence 
and production will increase so as to secure coming generation. In addition to this if 
automobile industry brings advancement in automobile engine which can support dual 
fuel, biofuel and blended fuel in high concentration will be a great achievement toward 
the development and acceptance of biofuel globally. This may take few years together but 
it will definitely cushion the problems related to global warming, fuel security, waste 
disposal and recycling and helps in the development of nation. This accomplishment of a 
successful and economic direction of biofuel production will change the outlook, perspective 
of biofuel. It will provide a platform for coming generation with job, national and 
environmental security. This tremendous opportunity is anticipating for a global support, 
experience, advancement and investment to make the coming future brighter and secured. 
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